Dongting Lake area is one of the primary commodity grain bases in China, while the grain production there is suffering from serious harm of natural disaster such as flood, drought, pests and mouse damage. In general, the historical data recorded of natural disasters in small region are not enough to be used for estimating the probability distribution in risk assessment, because the size of the sample observed is smal1. In this study, the method "Information Diffusion" is used to change limited sample observations into fuzzy sets, and a quantitative analyzing model for natural disasters risk assessment is proposed. Based on the statistical data of grain planting area and hazard area during the period of 1986-2006 in Dongting Lake area, the probability of natural disaster risk of grain production was calculated by using the Information Diffusion Theory in each county. The results showed that the probabilities of natural disaster risk of the area hazard ratio (AHR) of grain production over 10% , 20%, 30%, 40% were between 0.3576 0.9344, 0.0880 0.8618, 0.0080 0.7757, 0 0.6569 respectively in different county. Meanwhile, the natural disaster risk assessment maps of grain production were obtained based on GIS. The spatial distribution characteristics of natural disasters risk of grain production were analyzed. Finally, the strategies and measures were put forward to reduce natural disaster risk of grain production in Dongting Lake area.
Introduction
Risk assessment is the foundation of the risk management program. A properly done risk assessment allows program elements to be based on a realistic appraisal of the types of risks a community is likely to face. Risk assessment is an important part of natural disaster risk management. Due to many factors, human beings cannot accurately predict many incidents. Uncertainty always exists, and therefore, risk is inevitable [1] . Risk assessment of natural disasters is defined as the assessment on both the probability of natural disaster occurrence and the degree of damage caused by natural disasters. In recent years, an increasing number of studies focus on natural disaster risk analysis and assessment of flooding, earthquakes and droughts among others [2] . However, the data that can be used in the risk assessment for natural disaster are rather limited. This makes the risk assessment being an issue under the small sample condition. One of the methods of dealing with this small sample issue regards is to regard the small sample as fuzzy information, and then optimally treat the information using information diffusion technology [3] . Fuzzy mathematics is a powerful tool for dealing with uncertainty problems [4] . After the fuzzy set theory was established by Zadeh [5] , many scholars started to perform risk analysis by applying fuzzy set methods. A less common approach is the risk calculation model by which fuzzy treatment is dealt with [6] . Huang and Shi [7] proposed the theory of fuzzy risk together with its mathematical model through the use of information diffusion technology, highlighting its effectiveness in small sample optimization in connection with the fuzzy uncertainty of risk values. Information diffusion is widely used when insufficient information is available for estimating the probability distributions of uncertain parameters. As a fuzzy mathematics method, information diffusion can offset the information deficiency in small sample event through transforming an observation sample into a fuzzy set [8] . Luo Bo-liang [9] calculated the probability of flooding risk of rice production by using the theory of the fuzzy Mathematics and information diffusion, based on the statistical data of rice planting area and flooding damaged area during the period of 1987-2006 in Hunan Province. The flooding risk assessment of rice production and its regionalization were obtained based on GIS. Zhang Xing [10, 11] analyzed the features of meteorological disasters and their effect on the grain production. Li Chunhua [12] estimated the loss amount of grain yield due to natural disaster using grey prediction model in Jiangsu province. However less attention has been focused on risk assessment of grain production to natural disasters as a whole. Main natural disasters in grain production are droughts, floods, wind hail, frost and crop pests. Frequent natural disasters have been become the important factor affecting stable development of agriculture in China, and restricted seriously promoting land productivity and stably increasing of grain production, and becoming the risk factor of food security in China [13] . Dongting Lake area is the major grain production area in Hunan Province, and also is one of the primary commodity grain production bases in China. Meanwhile, it is one of the most serious areas suffered from floods, droughts, pests and other natural disasters. In order to manage natural disaster risk of grain production and reduce losses effectively, it is important to obtain the probability and losses of natural disasters at different risk levels. The purposes of this study are to: 1) analyze the situation of recurrent natural disasters, 2) obtain the probabilities of natural disasters risk of the AHR of grain production at different levels, 3) put forward the strategies and measures to prevent natural disaster risk of grain production.
Methods
Information diffusion is an available integrated assessment method based on fuzzy sets which are formed by fuzzy numbers. It can be described as a method which can diffuse a traditional data sample point into a fuzzy set [14, 15] . The principle of information diffusion is an affirmation: when a knowledge sample is given, it can be used to compute a relationship. The result deduced directly from this sample is called "non-diffusion estimation." When and only when this sample is incomplete, there must be an appropriate diffusion function and a corresponding arithmetic formula, which makes the diffusion estimation closer to the real relationship than the non-diffusion estimation. As the purpose of information diffusion is to search for useful information and enhance the identification precision of the system, technology of this kind is thus called Fuzzy Information Optimization Processing Technology [16] . In a point of view of the information diffusion, a small sample provides incomplete data to estimate a probability distribution. To partly fill the gap caused by incomplete data, the simplest technique is to change observations into normal fuzzy sets [17] .
Information diffusion is a processing method of abstract mathematics that can deal with the sample using a set numerical method [18] . A single-valued sample can be transformed into a set numerical-valued sample through this technology. The simplest model is the normal diffusion model. If the index field of natural disaster can be represented as U={u 1 b a n b a n h b a n b a n b a n n (2) Where b and a is the maximum values and the minimum values of the sample in the set respectively. Let:
Then the related attaching function of the fuzzy subset can be represented as follows: 
The physical meaning of the above function is that if the observation value of natural disaster can only be chosen as one of the values in the series of u 1 ,u 2 is generally not a positive integer, but it is sure to be a number no less than zero. Furthermore, let:
In fact, Q should be the summation of the sample number on each point of u j . It is easy to know that the function should be the frequency value of the sample appeared on the point of u j
, and the value can be taken as the estimated value of the probability. This can be represented as follows: (7) The surpass probability value should be as follows:
The value of ( ) j P u u should be the required value for the risk assessment.
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3.1, Study area description
In this study, the Dongting Lake Area (110°29 ) is located in the north of Hunan Province, China. It covers an area of about 73500 km 2 , with humid climate and abundant light and heat resources. It has long been a primary base of grain production in China. However, due to being located in the area of semitropical monsoon climate zone and the precipitation varying significantly during the year and between years, it suffers from serious flood and drought. Rainy season is from the end of March or early April to early July in this area, this is the result of direction change of wind with seasons, and is the monsoon climate characteristics. Because the time of change of monsoon direction often varies between years, the rainy seasons come early or delayed, and the period of rainy season extend or shorten, which causes flood or drought. Annual maximum precipitation is 1500~2500mm and minimum precipitation is 800~1300mm generally. The spatial temporal distribution nonuniformity of the precipitation is the main root of flood and drought disasters.
Dongting Lake area includes Changsha City, Zhuzhou City, Xiangtan City, Changde City, Yueyang City and Yiyang City in this study. In 2006, its total arable area covers 1.68 million hectares, accounting for 44% of the total arable area and total grain output is 1.48×10 3 million tons, accounting for 51% of the total grain output in Hunan province. Dongting Lake area is a natural disaster-prone areas, flood, drought, pests and other natural disasters occurred frequently, Those threat severely grain production. Therefore, it is necessary to assess the natural disaster risk of grain production to ensure national food security and regional sustainable economic development.
3.2, Data and processing
The AHR is a objective index reflecting natural disasters. The natural disaster hazard area, grain-sown area and other data over years from 1986 to 2006 were cited from "Hunan Province Agricultural Statistical Yearbook". The AHR of the natural disaster is an index reflecting the natural disaster risk of grain production. Each county was a unit, the AHR of grain is to be a single value of the sample y i (i = 1, 2, ... , 21). A set of [0, 1] on one-dimensional real number space can be regarded as the field of y i According to the method described above and the historical data of Dongting Lake area, the probabilities of natural disaster risk of the AHR in 35 counties are calculated (shown in Table 1 ). The natural disaster risk assessment maps of grain production were obtained based on GIS. The results of spatial distribution are illustrated ( Fig. 1, 2, 3 and 4) to show the probabilities of natural disaster risk of the AHR at different levels.
The probability of natural disaster risk of the AHR over 10% was between 0.3576 and 0.9344 (Table 1 ). The probabilities of natural disaster risk in most counties were more than 0.5, namely most counties suffered from disaster biyearly or annually. The most value was higher than 0.9, it means almost the disaster occurred annually in Taoyuan County and Anhua County. The probability values were less than 0.5 only in Zhuzhou County, Zhuzhou Popedom and Pingjiang County, which means the disaster occurred about biyearly to once every three years.
The probability of natural disaster risk would fall when the AHR increased. When the AHR was up to 20%, the probability of natural disaster of the grain crops was between 0.0880 and 0.8618 in each county. The probability values in majority counties were between 0.2000 and 0.5000, the frequencies of the disaster occurred were biyearly or once every five years. The counties with higher probability values reached 0.6667~0.8000 suffered from more than twice disasters every three years, such as Nan County, Taoyuan County and Anhua County.
When the AHR was over 30%, the natural disaster risk probability of the grain crops was between 0.0080 and 0.7757, the probabilities of natural disaster risk in most counties were between 0.1 and 0.3333, the frequencies of the disasters occurred were about once every three to ten years. The probability values in Taoyuan County and Anhua County had the highest, which were 0.5433 and 0.7757 respectively, the frequency of the disasters occurred were biyearly or twice every three years.
When the AHR was over 40%, the natural disaster risk probabilities of the grain crops were between 0 and 0.6569, the probability values in most counties were less than 0.3333, the disaster occurred about more than once every three years. The probability values in Taoyuan County and Anhua County had highest, which was 0.3562 and 0.6569 respectively, the disasters of two counties suffered from once or twice every three years.
according to the actual information of the AHR over 21 years from 1986 to 2006 measured in Dongting Lake area. The continuous field of [0, 1] can be transformed into a discrete field through equidistantly selecting the points representing different risk levels. Considering the requirement of calculating accuracy, 21 points (m=21) were selected to form the discrete field, which can be represented as follows, U={0, 0.05, 0.1, 0.15, …, 1} this time the number of samples n = 21. According to the formula (1)~(8), the surpass probability of natural disaster risk of grain production can be obtained.
Results
From Fig.1-4 , we can see that the hill and mountain areas in the western and southern had high risk, while the central area had lower risk. It is chiefly because of the backward economic and the poor agricultural infrastructure in the hill and mountain areas, it was mainly rain-fed agriculture during grain production, the risks of grain production suffered from drought and pests were higher. But in the central and eastern areas, it had developed economy and good agricultural production conditions, and had better facilities for preventing drought and controlling pests, and so the risk of grain production was relatively low. In the northern plain area of Dongting Lake area, the risk was higher because of the flood disaster. Table 1 Risk assessment value for natural disaster of grain production in Dongting Lake area 
The strategies and measures to prevent natural disaster risk of grain production
Establishing perfectly early-warning system of natural disaster
As regards the intensity of natural disasters, there are strong indications that climate change will continue to have an increasing impact in the decades to come [19] . Global climate change poses an even greater threat to grain production. Even though there are many uncertainties in the prediction of future climate change, global climate change is widely accepted. Global warming could accelerate the global hydrological cycle, and therefore change the frequency of drought and flood disasters [20] . A comprehensive and integrated approach is essential to monitor natural disasters more effectively in Dongting Lake area and provide early warning to reduce the impact of this common natural hazard on grain production. The early-warning system of natural disaster should include the disaster monitoring, the risk assessment, the implementation of mitigation, and the preparedness activities before the occurrence of disaster. In order to prevent the natural disaster risk of grain production effectively in Dongting Lake area, a better understanding of the spatial and temporal dimensions where is at highest risk should be developed. Natural disaster risk analysis can provide probabilities and scenarios where would be the greatest affected, in what specific way they would be affected, and at what frequency.
Increasing public investment for improving agricultural infrastructures
Since the household contract responsibility system with remuneration linked to output, the agricultural productive forces were greatly liberated, and the grain production had great development. But with the rapid development of China's economy, the comparative benefit of the grain production was decreased gradually. The production of grain was based on the household contract responsibility system with remuneration linked to output. It would not form an effective disaster management capacity. Because of the lack of capacities of scattered farmers and the restriction of their economic conditions, the disaster preventions and mitigation measures were inefficient. Coupled with agricultural disasters were sudden and random, and the endangering area was large, so it was impossible for individual farmer to resist the disaster. A single family farm would not invest in agricultural infrastructures, while many irrigation facilities built in 1960s-1970s had been worn down by the years without repair. Therefore, in order to strengthen the prevention capability of natural disaster risk of grain production in the Dongting Lake area, the public investment in agricultural infrastructures must be increased.
The irrigation project construction should be strengthened and water-saving agricultural technology should be popularized vigorously in order to improve the ability to withstand drought in the high-risk areas of drought in the western and southern areas. The construction of levees and the drainage project construction in the low-lying areas should be reinforced to improve the ability to flood control in the higher risk areas of floods in Dongting Lake plain. Specific measures included dredging flood road, reinforcing levees, constructing the flood diversion areas, implementing "Grain for Lake" policy and planning reasonable structure of land use.
Increasing public investment in agricultural research and technology
As grain production is also particularly vulnerable to disaster risk, measures to reduce this vulnerability are vital for maintaining food security. Appropriate agricultural technologies can play a key role in damage reduction. Therefore, practices of land use for agriculture including the management of related natural resources (such as water and biodiversity) need to be adopted to make them less vulnerable to extreme weather events. Public investment in research and technology is needed to develop the kind of technology needed by low-income producers, and to help them gain access to such technology. Less-favoured areas, i.e. areas with irregular rainfall, fragile soils and low agricultural potential, are particularly susceptible to natural resources degradation. Public investments in agricultural research and technology, as well as rural education, are urgently needed for those areas. Development policy and disaster management strategies would benefit from mutual integration of basic principles with a view to building resilience against disasters into all development efforts in hazard-prone locations. This will help maintain the farmers' grain production incentive and the future grain production capability. Such investments will lead to further improvement in agricultural technology and provide grain producers with better production conditions. With demand for food rising continuously in China in the near future, measures like public investment in agricultural research, which strengthen domestic production capability , will be even more important to achieve the nation's long-term food security.
Diversifying agricultural systems is another key entry point to reduce vulnerability. There are a number of measures through which cropping systems can be made more resistant to extreme weather-related hazards, whether it is flood, or drought. Some short-term popular and seriously endangering disasters can be avoided or mitigated by increasing agricultural technology inputs, developing "Avoiding disaster agriculture", adjusting planting structure of grain production. For example the new rice varieties with strong capacity of waterlogging-enduring should be cultivated and promoted.in the low-lying areas of the Dongting Lake plain. In the western and southern of high-risk areas, drought-tolerant varieties should be cultivated and promoted.
Building resilience to disasters
The aim of disaster risk management is to reduce the natural disaster risk and build resilience. Resilience is the ability of a system, community, or society to adapt to fluctuation in order to maintain an acceptable level in function. Resilience against disasters should be built as much as possible 'ex ante' into development efforts in locations with striking hazard, instead of repairing the damage 'ex post' only. It is very critical to integrate disaster risk management into grain production strategies and make it to be a part of food security and development policies. In any case, investment in resilience needs to be seriously considered and the benefit and cost should be assessed. Resilience requires social, institutional, and informational resources that enable a community to respond effectively to a hazard effect. Public investments have increasingly been neglected in agriculture and rural areas of underdevelopment counties, in spite that it is the importance sector's key for the poor and for the entire economies of most of these regions. Food security strategies are particularly suitable framework for building resilience against risks of natural disasters of grain production. Given the current nascent political will to step up such investment, the opportunity should be seized to explicitly include investments in greater disaster resilience in development plans.
Establishing the system of agricultural disaster insurance
The agricultural insurance system, established by market economy countries, was a kind of special economic compensation system for decreasing and dispersing agricultural natural disaster risk. To evade risk, the country, the social, the collective and the farmer must work together to establish a series mechanism and system, which realize transfer of agricultural risk to socialization, ensuring maximize interests of farmers, to restore production as quickly as possible and providing an institutional guarantee of economic development for the affected rural areas.
Conclusions
Due to the fact that the natural disasters data series of grain production are relatively in short, available data are often not sufficient for disaster risk analysis. Considering the imprecise or incomplete information of grain production disaster, and the limits of the existing technique and experiment method, the analysis result could be inefficient and imprecise by applying only the traditional accurate model. One method that can be applied is to take the available small samples as fuzzy information and optimize them by using information diffusion technology to gain reliable analytical results. In this study, one method based on Information Diffusion Theory for risk analysis is applied to establish a new natural disaster risk analysis model of grain production. Application of the model is illustrated taking Dongting Lake Area as example. The results showed that the probabilities of natural disaster risk of the AHR over 10% , 20%, 30%, 40% of grain production were between 0.3576 0.9344, 0.088 0.8618, 0.0080 0.7757, 0.6569 respectively on different county. Meanwhile, the natural disaster risk assessment maps of grain production were obtained based on GIS. The spatial distribution characteristics of natural disasters risk of grain production showed that the hill and mountain areas in the western and southern had high risk being suffered drought disaster, and the northern plain area had higher risk being suffered flood disaster.
Our results indicated that the very stable analytical results can be yielded using the model mentioned above even when analyzing a small set of sample data. The results also indicated that information diffusion technology is highly capable of extracting useful information and improves the accuracy of system recognition. This method can be applied easily and the analytical results produced are easy to understand. Results are accurate enough to be a guide in disaster reduction information management.
